IN the autumn of 1944 a small committee was formed in Belfast to investigate the clinical applications of penicillin, and for various research projects special supplies of penicillin were received from the Medical Research Council of Great Britain. In February, 1945, the committee agreed to accept responsibility in Northern Ireland for a thorough clinical trial of penicillin in subacute bacterial endocarditis. This trial was organised by the Medical Research Council on a nation-wide basis, and University centres in England, Scotland, and Wales also took part. In each of several groups of such centres a different daily dosage was allotted and, in the case of Belfast, this dose was fixed at 250,000 units. Relatively large quantities of penicillin were therefore required and used, and it was necessary to insist on adequate bacteriological confirmation of diagnosis, and on a careful and prolonged clinical and laboratory control of the progress of the disease during and after treatment.
In each of the fifteen cases the initiation of treatment depended on the isolation on at least two occasions of penicillin-sensitive organisms having similar morphological and cultural characteristics.
Blood Culture.-When this investigation was suggested by the clinician, a sample of the patient's peripheral venous blood was withdrawn with aseptic precautions by means of an all-glass syringe sterilised in a hot-air oven. Two bottles, containing 50 cc. Douglas and Hartley broth respectively, were each inoculated with 2 cc. of the patient's blood and incubated at 37°C. Subcultures were made on blood agar at intervals over a period of two weeks, and no culture was regarded as sterile until this period had elapsed. Routine blood cultures taken during and after treatment were examined in a similar way. In the series under review no difficulty was experienced in obtaining positive cultures from any patient. The majority of these cultures gave a growth in fortyeight hours, while incubation for ninety-six hours was sufficient for the remainder. However, this is probably not a universal finding. In a case recently diagnosed, but not included in this series, blood was taken for culture on six occasions before a positive result was obtained. In another case, also not included, only two out of six cultures were positive, and these yielded a growth of haemophilus influenzee. This organism was not sensitive to penicillin. No treatment was given, and the same organism was later isolated from the valvular lesions at post-mortem.
Infecting Organistmr.-This was a streptococcus of the viridans group with one exception in which a diptheroid of the C. hofmanni type was repeatedly isolated. The sensitivity of the recovered organism to penicillin was measured by the method of serial dilutions using the Oxford staphylococcus as a standard. The organisms isolated had a range of resistance from one quarter to twice that of the standard staphylococcus. Erythrocyte Sedimentation Rate.-This was determined in Westergren tubes and the values were not corrected for anaemia. When the patient came under treatment it was invariably raised, showing a range of 25 mm. to 145 mm. in the first hour, but during and subsequent to treatment there was a progressive return towards normal limits (8-10 mm. in one hour). In three cases the E.S.R. was normal within forty days of initiation of treatment. In five cases it became normal between the fortieth and eightieth day, in two cases between the eightieth and one-hundredth day, and in four cases between the hundredth and one hundred and seventeenth day.
Hcetnoglobin ar& Red CeU Counts. The first three cases in the series received twenty days treatment at the rate of 250,000 units penicillin daily, giving a total of five million units. These courses were given by intramuscular drip. Following a recommendation from the M.R.C., the duration of treatment was increased to twenty-eight days, and two patients were subsequently treated by means of intramuscular drips for this period. Two Subjectively the patients usually reported an improvement in general well-being and increased appetite in the first week and often within the first few days. In all patients, bacteriological examination showed that the blood stream became sterile within a few days of commencement of treatment. In seven cases sterility was attained within forty-eight hours, in three within three days, whilst in three others the blood cultures were not taken until the sixth, eighth, and ninth days, 31 and were then found to be sterile. In no case did organisms appear in the blood stream during the period of hospitalisation.
Once the blood stream had been rendered sterile the temperature generally fell to within normal limits, with the exception of a few cases in which the temperature didl not fall to a consistent basal level until therapy had been discontinued. In seven cases urinary infection with penicillin-resistant organisms (B. Coli and enterococci) was associated with low-grade pyrexia during some period of treatment. Specific therapy was intentionally withheld until penicillin treatment had been completed. Eradication of the urinary infection resulted in the temperature falling to normal.
In five other cases, in spite of obvious clinical improvement, the temperature did not reach a basal level until penicillin therapy had been discontinued. A similar persistence of pyrexia followed by a rapid fall to normal after cessation of penicillin therapy has been described by Hudson et al. (1946) . This may have been due to the presence of pyrogens in the penicillin solution.
The incidence of embolic phenomena during and after treatment was low. Skin petechiae or Osler's nodes occurred in four patients. The presence of red blood cells in the urine in five cases suggested some development of embolic lesions in the kidney. These signs occurred either during treatment or within two weeks of its conclusion. They were considered to be of little prognostic significance at this stage, and probably did not indicate persisting infection. One patient developed signs of cerebral embolism on the third day of treatment, and another who had auricular fibrillation developed a pulmonary embolus on the thirtieth day.
Another case in which an aneurysm of the abdominal aorta developed was of special interest and is described below.
CASE 1 1.
A girl aged 19 years was admitted on 29th November, 1945, as a case of pyrexia of unknown origin. She complained of severe pain of seven days duration in the left upper abdomen. The pain radiated through to her back and she had intermittent vomiting. She had had acute rheumatic fever (her first attack) six weeks prior to admission. Other previous illnesses included scarlet fever and diphtheria in childhood. The patient was a poorly nourished girl with marked pallor of the skin and conjunctiva. No December, 1945 . Dosage was 250,000 units per day given by three-hourly intramuscular injections for twenty-eight days (total seven million units). Six days after treatment was instituted petechial hwemorrhages were noted for the first time in the skin of face, chest, and abdomen.
Intermittent attacks of abdominal pain and vomiting continued'to be frequent, and often necessitated the administration of morphine.
On the eleventh day of treatment abdominal examination revealed the presence of a rounded swelling in the left umbilical region. This swelling pulsated and was definitely expansile. Several days later this tumour had increased in size, and was diagnosed as an aneurysm arising from the abdominal aorta just above its bifurcation. It was thought that this aneurysm had resulted from the lodgment of a portion of infected vegetation in one of the vasa vasorum. During the following fourteen days the aneurysm continued to increase in size, attaining a diameter of about 7 cm. Subsequently the aneurysm showed no further development, and attacks of abdominal pain became less frequent.
The patient's general condition steadily improved, and just before her discharge from hospital in March, 1946, the aneurysm had become half its former size. Once treatment had been begun her temperature became normal by the third day, and continued so throughout her stay in hospital. As it was recognised that the presence of the aneurysm constituted a nidus in which organisms might persist in laminated blood clot, a subsequent course of penicillin (200,000 units daily for twenty-one days) was started twenty-three days after the completion of the regular course, with the intention of sterilizing such a focus. This additional course made the total dosage 11.2 million units. No relapse has occurred within twenty weeks since therapy was initiated.
ASSESSMENT OF RESULTS.
In this series of fifteen patients, four died. Their survival periods from the end of treatment were eleven, twelve, thirteen and twenty-four weeks. Summaries of their case histories are given later.
In order to assess progress the remaining cases have been graded into four groups before and after treatment. The grading was based, as suggested by Lewis Arrows indicate the new grading of the patients when reviewed.
Cases marked (±+) showed no change in cardiac condition.
-The period in days from commencement of treatment to review is indicated in each case. 33
Five patients at the time of review showed anl improvement in cardiac reserve. T'hree cases showed no change. Three cases showed a slight decrease in cardiac reserve. In cases 9 and 10 little further improvement can b0e expected, in view of the long interval since the beginning of treatment.
Below are case summaries of those patients who died. CASE 12.
A female aged 21 years was admitted on 16/1/45. She gave a history of rheumatic fever as a child. The probable duration of infection was fourteen weeks. When admitted she had paralysis of right arm and leg and inability to speak. Clinical examination revealed pyrexia, mitral stenosis, and evidence of a left cerebral embolus. There was no heart failure, auricular fibrillation, or enlargement of the spleen. There were no-petechiae, Osler's nodes, or red cells in the urine. Dental caries was marked. Blood culture gave a growth of str. viridans on six occasions before treatment was begun.
Pulse 100 per min. Temperature 100°F. B.P. 98/56. Haemoglobin 40 per cent. Erythrocyte sedimentation rate 110 mm. in one hour. Red corpuscles 2,600,000 per c.mm. White corpuscle's 15,000 per c.mm.
Penicillin treatment was begun on 26/2/45, at the rate of 250,000 units per day for twenty days, given by intramuscular drip (total five million units). Next day the temperature had fallen to 98.40F, the pulse was 92 per minute, and blood culture was sterile. The immediate clinical response was good. Blood cultures remained sterile until the patient was discharged from hospital on 4/6/45.
On 30/7/45, when patient attended far a routine observation, she was found to have a petechial rash, painful areas in the pulps of her fingers, and some pyrexia.
Blood cultures gave a growth of str. viridans similar to that of the primary infection. On 4/8/45 (nineteen weeks after the conclusion of her penicillin course) patient was re-admitted to hospital with pyrexia and rigors. Patient died in her own home thirteen weeks later (thirty-four weeks after the conclusion of the first course of penicillin, or eleven weeks after conclusion of the second course), with signs of active cardiac infection. No post-mortem examination was obtained.
It is quite possible that the infection might have been controlled had this patient remained in hospital to finish her second course of penicillin. The organism showed no significant change in co-efficient of resistance when isolated after re-admission, 34
and it had a similar morphology. This was probably a case of relapse of infection following inadequate therapy. Even in this short series it is apparent that a number of factors other than mere sterilization of the blood stream operate to determine the ultimate value of penicillin treatment. Blood-borne infection from a septic focus may lead to deposition of bacteria on the surface of a heart valve damaged previously by a rheumatic episode, and a vegetation composed of fibrin and bacteria gradually form. While this process continues untreated and active, the valve and its chorda tendineae sustain progressive damage and fibrosis, which lead to increasing functional impairment, and hence the pre-existing valvular defect is aggravated. This in its turn imposes a further strain on a myocardium the efficiency of which is reduced by toxeemia. Thus it is probable that the longer the duration and the greater the severity of uncontrolled infection, the greater will be the possibility of congestive heart failure developing at a later date on a purely mechanical basis, even when the infection has been abolished.
In a favourable case the vegetations become completely free of living bacteria during treatment and slowly heal. Consequent fibrosis may result in a further degree of stenosis or incompetence of an affected valve. At the same time, however, the myocardium should gradually improve in function as toxamia lessens. During this period of adjustment the heart should be relieved of all possible strain. To achieve this aim prolonged rest in bed with very carefully regulated return to activity is thought desirable. This period of rest also allows time for vegetations to become completely endothelialized.
Cases with damage to more than one valve may present themselves for treatment. rhree such cases are included in this series. When the aortic valve is seriously involved there is a greatly reduced chance of attaining functional compensation, and treatment with penicillin cannot be expected to yield such good results as in those cases where toxoemia is an important factor and the initial degree of valvular damage minimal.
The estimated duration of the disease before treatment in seven patients ranged from nine to twenty-six weeks. Of these patients, four died (Cases 12, 13, 14, and 15), one having aortic-and mitral-valve lesions. Two patients are cardiac invalids (Cases 8 and 10), of whom one has double valvular lesions, and one patient (Case 1) is clinically well, one year and five weeks following treatment.
The duration of infection was considered to be less than nine weeks in eight patients, four of whom show clinical improvement (Cases 2, 3, 6, and 7); among them is one patient (Case 6) who has both mitral and aortic involvement. In his analysis of the results obtained in treatment of subacute bacterial endocarditis with long courses of penicillin at different centres in the British Isles, Christie (1946) found that most relapses occur within thirty days of cessation o£ treatment, relapse after fifty days being rare. He also stressed the fact that duration of treatment is of much greater importance than the total amount of penicillin given.
In the series here reviewed one patient (Case 12) showed evidence of reactivation of infection after treatment, and again after a further course. Another (Case 14) had a recurrence of the disease following the original treatment elsewhere, and signs of probable reactivation of the condition appeared a short time before death, after a second course of penicillin had been given. In these two cases the initial course of therapy extended over twenty and twenty-one days respectively, Case 12 having received 250,000 units daily (total 5 million units), and Case 15 a dose of 160,000 units daily (total 3 as an exampfe of true relapse on two occasions, following inadequate duration of therapy in each instance. In Case 15 blood culture was reported to have been sterile approximately twenty weeks after discharge. Petechie were apparently the sole clinical manifestation of active endocarditis appearing shortly before death, which occured after the patient had been confined to bed for a number of weeks with heart failure. If such a sign be taken as indicative of the recurrence of the disease after an interval of at least twenty weeks following re-treatment, the probability of reimplantation from the blood stream must be considered as opposed s a probable relapse of valvular infection following the original treatment.
Reimplantation might be regar(led as the explanation of the histological findings in Case 13, but it is difficult to explain the negative bacteriological findings in blood cultures taken immediately before death, and the failure to cultivate organisms from the vegetations at post-mortem examination. In this case death was certainly not due to any active bacterial infection of the valve.
Such examples show how difficult it may be to decide between persistence of infection in a valve and reimplantation of bacteria in an existing valvular lesion. In Cases 12 and 15 the initial treatment, now regarded as inadequate, led to the sterilization of the circulating blood, but apparently failed to sterilise the vegetations, so that following the cessation of treatment, organisms still present in the cardiac focus were permitted to multiply.
A fresh infection of a valve could readily occur from septic foci in the niouth or pharynx, and it would seem to be difficult to decide whether a str. viridans obtained from such a case is in any way different from the original infecting strain. It finds its origin in the same septic focus, the mouth, it is the same patient, and bacteriological classification is insufficient for the identification of solitary strains.
Measures to eradicate such foci were taken whilst the patient was under penicillin treatment or at a later date whilst the patient was protected by penicillin. This is thought to be of considerable importance in minimising the chan.ces of reinfection; but the finding or eradication of all potential foci is difficult.
The importance of post-mortem examination in determining the cause of death in treated cases of endocarditis is exemplified in Case 14. From the heart of this patient histological evidence of rheumatic fever on at least three occasions was obtained. Judged by the approximate age of the Asch-off nodules which were present, two of the rheumatic episodes were considered to have occurred subsequent to penicillin therapy and were the immediate cause of death. There was no histological evidence of active bacterial infection in the vegetations attached to the mitral valve.
Christie in his analysis of the results of all cases treated finds support for the recommendation that the minimum scale of treatment should be a period of four weeks with a daily dose of 250,000 units of penicillin. Half a million units daily for four to six weeks would increase the probability of a favourable result in this disease.
In order to increase the percentage of cases successfully treated, the importance of early diagnosis cannot be over-emphasised. 
